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Abstract —  The  objective  of  the  work  in  question  was  to  evaluate  the  ovarian  function  of  Saanen  goats 
supplemented  with  pequi  oil.  The  experiment  was  carried  out  at  the  IFCE  Ovine  Caprinoculture  vivarium, 
campus  Crato.  Eight  pure  Saanen  goats  were  used,  weighing  an  average  of  1025,15  pounds,  distributed  in 
a  completely  randomized  design  with  two  treatments.  The  first  treatment  constituted  soy  oil  as  the  lipid 
source  and  the  second  treatment  with  pequi  oil.  Two  estrous  cycles  were  evaluated  to  analyze  the 
reproductive  parameters  of  the  females.  In  the  first  cycle,  a  non-castrated  sheep  was  used  as  a  ruffian  to 
identify  estrus,  and  the  ovarian  function  was  evaluated  for  the  presence  and  number  of  follicles  by 
ultrasound.  In  the  second  cycle,  a  Saanen  was  used  in  order  to  mate  with  the  females.  Ultrasound  was 
performed  to  assess  conception,  fertility  and  prolificacy  rates.  The  computer  software  SAEG  9.1  was  used 
to  analyze  the  values  obtained.  It  was  found  that  females  supplemented  with  soybean  oil  stood  out  in 
comparison  to  goats  treated  with  pequi  oil,  except  for  body  weight,  follicular  diameter  and  body  condition 
score,  concluding  that  the  use  of  pequi  oil  for  Saanen  goats  it  presents  itself  as  an  economically  unfeasible 
alternative,  as  it  has  a  higher  acquisition  value. 
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I.  INTRODUCTION 

The  Northeast  region  stands  out  from  other  Brazilian  states 
in  relation  to  the  predominance  of  the  practice  of  goat 
farming,  with  more  than  nine  million  goats,  representing 
more  than  90%  of  the  national  herd  [8],  Dairy  goat 
farming  has  been  standing  out  in  the  semi-arid  region  of 
Brazil,  being  characterized  as  a  profitable  and  viable 
practice  mainly  for  small  producers  [6], 

However,  the  precariousness  of  technical  investments 
results  in  extensive  or  semi -intensive  production  as  being 
the  majority  of  the  production  systems  found  in  the 
country  [31],  demanding  from  the  animal  good  rusticity 


and  adaptability  to  the  prevailing  climate  in  the  region. 
Among  the  main  breeds  used  in  dairy  production,  Saanen 
stands  out.  These  animals  are  exotic  in  Brazil  and  need 
more  intensive  food  handling  when  compared  to  other 
breeds,  due  to  their  clear  coat  and  pink  skin,  which  is  less 
conducive  to  acclimatization  in  hot  regions  such  as  the 
semiarid  [20],  Even  with  these  characteristics,  they  are 
widely  used  due  to  the  excellent  milk  production. 
However,  several  factors  can  influence  this  type  of 
production,  including  reproductive  and  nutritional 
efficiency  [15]. 

Nutrition  plays  an  extremely  important  role  in  the  demand 
for  energy,  protein  and  other  vital  nutrients  for  the 
productive  and  reproductive  process  of  animals  [32]. 
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Supplementation  is  commonly  performed  aiming  at 
increasing  reproductive  performance,  which  consists  of 
external  protein  and  /  or  energy  supplementation.  In  goat 
females,  lipid  supplementation  is  found  to  be  directly 
related  to  the  ovulation  rate,  having  been  recommended  at 
different  times  before  the  breeding  season,  during  the 
season,  during  pregnancy,  in  pre  and  postpartum  [18]  and 
can  be  strategically  effective  in  increasing  the  energy 
density  of  the  diet  of  ruminant  females. 

The  supply  of  a  diet  rich  in  lipids  abundant  in  linolenic  and 
linoleic  unsaturated  fatty  acids  increases  the  process  of 
gluconeogenesis  by  raising  propionate  in  the  fermentation 
chamber,  thereby  stimulating  insulin  secretion,  modulating 
follicle  growth,  oocyte  maturation  and  embryo 
development  [10]. 

With  insulin  secretion  and  through  its  action, 
gonadotropin-releasing  hormone  (GnRH)  is  released  and 
secretes  follicle  stimulating  hormone  (FSH),  luteinizing 
hormone  (LH)  and  progesterone  which  in  turn  regulate 
ovarian  activity  and  pregnancy,  respectively  [13]. 

For  [18]  supplementation  rich  in  vegetable  oils  that  has 
linoleic  and  linolenic  acids  in  its  composition,  propels  the 
process  of  gluconeogenesis  by  the  influence  of  the  increase 
of  propionate  produced,  stimulating  insulin  and  this  in 
turn,  modulates  the  growth  of  follicles,  as  it  acts  on 
regulation  of  the  synthesis  of  gonadotropin-releasing 
hormone  (GnRH)  neurotransmitters;  oocyte  maturation  in 
the  sense  that  it  controls  the  release  of  luteinizing  hormone 
by  the  pituitary  gland;  and  embryonic  development. 

In  Brazil,  due  to  its  great  biodiversity,  there  is  a  huge 
variety  of  vegetable  oils  extracted  from  fruits  of  endemic 
and  regional  species,  such  as  pequi  oil.  The  pequizeiro 
(Caryocar  coriaceum)  occurs  in  the  semi-arid  Northeast, 
commonly  in  the  cariri  from  Ceara  and  Piaui.  The  pequi 
pulp  is  abundant  in  lipids,  with  more  than  30%  in  its 
composition  [14].  There  are  several  studies  on  the  use  of 
pequi  oil  in  the  manufacture  of  natural  medicines  for 
animals  and  humans  [24;  21;  23].  However,  its  use  in 
animal  supplementation  is  scarce,  with  few  studies  as  a 
lipid  source  [25]  and  offspring  of  rats  [19]. 

Pequi  oil  is  a  product  rich  in  unsaturated  fatty  acids. 
Palmitic  and  oleic  fatty  acids  are  found  in  abundance  in  the 
pequi  pulp  [9;  14],  with  41.1%  and  54%,  respectively.  It  is 
also  composed  of  myristic  (0.2%),  palmitoleic  (0.5%), 
stearic  (1.9%),  linoleic  (1%)  and  linolenic  (0.3%)  acids  in 
smaller  quantities  [7].  Studies  show  that  these  acids  can 
interfere  in  the  synthesis  of  steroids  [33],  serving  as 
important  precursors  for  the  transition  from  the  stage  of 
cows  luteogenesis  [4]. 


In  addition,  in  pequi  oil  there  are  phenolic  compounds, 
being  found  in  greater  amounts  in  the  peel  (pericarp)  that 
guarantee  the  fruit  the  role  they  play  as  antioxidants  [35], 
together  with  carotenoids.  Antioxidants  are  extremely 
important  in  reproduction,  because  in  their  absence,  there 
will  be  a  greater  amount  of  free  radicals,  consequently 
causing  oxidative  stress  causing  deleterious  effects  on  the 
female  reproductive  system,  affecting  from  the  oocyte 
maturation  process  until  pregnancy  [29]. 

Thus,  the  general  objective  of  this  work  was  to  evaluate 
the  effect  of  pequi  oil  as  a  lipid  supplementation  inserted 
in  the  concentrated  food,  on  the  performance  and 
reproductive  parameters  of  goats. 

II.  METHOD 

The  experiment  was  carried  out  at  the  Federal  Institute  of 
Education,  Science  and  Technology,  Campus  Crato-CE,  in 
the  Ovinocaprinoculture  production  sector  between  May 
and  July  2018,  located  by  geographic  coordinates;  latitude 
7  °  12  '43  ”S  and  longitude  39  °  26  '35  ”W  and  an  altitude 
of  542m.  This  research  was  submitted  to  evaluation  and 
approved  by  the  lECE  Animal  Use  Ethics  Committee, 
under  protocol  CEUA  No.  4828200418. 

Eight  adult  Saanen  goats  were  used,  with  an  average  age 
of  three  years,  with  an  average  weighing  an  average  of 
1025,15  pounds  and  empty,  with  fertility  proven  through 
previous  births.  The  animals  were  kept  on  the  premises  for 
a  period  of  15  days  for  prior  adaptation.  The  goats  were 
kept  throughout  the  day  in  paddock  irrigated  by  sprinkling 
and  cultivated  with  Tifton  85  grass  (Cynodon  dactylon). 
At  the  end  of  the  day,  the  animals  were  collected  and 
contained  with  access  to  individual  troughs,  where  the 
concentrate  with  supplementation  was  provided,  totaling 
90  days  of  the  experimental  period. 

To  evaluate  the  effect  of  supplementation  with  pequi  oil  on 
performance  and  reproductive  parameters,  the  goats  were 
divided  into  two  groups,  each  group  containing  four 
animals.  The  control  group  consisted  of  females 
supplemented  with  soy  bran-based  concentrate  (3%), 
ground  corn  grain  (87%),  urea  (1%),  mineral  (2%)  soybean 
oil  (7%)  and  Caprinophos  (Tortuga®).  Eor  the  test  group, 
the  goats  received  the  concentrate  similar  to  the  control 
group,  differing  from  the  vegetable  oil  used,  which  in  this 
group  was  pequi  oil  (7%).  During  the  supplementation 
period,  the  goats  received  a  daily  supply  of  400  g  of 
concentrate  formulated  based  on  the  recommendations  of 
nutritional  requirements  of  the  [17]  for  empty  goats  in  the 
breeding  season.  The  goats  were  identified  by  means  of 
numbers  attached  to  the  ear  and  for  better  distance 
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observation,  ribbons  with  different  colors  were  placed 
around  the  neck. 


The  females  were  weighed  weekly  and  the  body  condition 
score  was  assessed  through  visual  assessment  and 
palpation  of  the  transverse  and  spinal  apophyses.  Fifteen 
days  after  the  start  of  supplying  the  supplements,  the  goats 
were  accompanied  by  an  adult  male  sheep,  not  castrated, 
for  the  purpose  of  breeding.  After  acceptance  of  the  mount 
by  all  females,  ultrasound  was  performed  on  them  on  the 
day  or  the  next  day,  to  observe  the  number  of  follicles 
present  and  their  diameter,  implying  knowing  the  influence 
that  lipid  supplementation  was  having  on  these  animals. 

At  the  beginning  of  the  second  estrous  cycle,  the  females 
continued  to  be  accompanied  by  an  adult  goat  breeder  of 
the  Saanen  breed,  in  order  to  allow  the  breeding, 
monitoring  of  the  ovarian  follicles  as  described  for  the  first 
cycle.  After  thirty  days  of  mating,  a  gestational  diagnosis 
and  evaluation  of  the  functional  corpus  luteum  was 
performed  for  all  females.  The  reproductive  efficiency  of 
the  goats  was  evaluated  based  on  the  pregnancy  rate, 
fertility  and  prolificacy,  where  the  pregnancy  rate  was 
obtained  through  the  ratio  of  the  number  of  positive 
diagnoses  and  the  number  of  diagnoses  performed. 


The  evaluation  by  means  of  ultrasonography  was 
performed  with  a  linear  multifrequency  probe,  on  the 
white  line,  in  front  of  and  close  to  the  mammary  gland, 
after  a  previous  fast  of  at  least  24  hours.  The  device  used 
for  ultrasound  was  the  Mindray  3.300  Vet.  The  frequency 
used  was  7.5  MhZ  (megahetz),  as  shown  in  figure  1. 


Fig.l:  Ultrasonography  with  linear  multifrequency  probe 
to  observe  the  number  and  diameter  of  follicles  and  to 
evaluate  the  corpus  luteum 


Source:  Geo  Brasil  (2018) 


The  experiment  was  conducted  in  a  completely 
randomized  design  with  two  treatments  and  four 
replications  and  the  results  obtained  were  subjected  to 


analysis  of  variance  and  those  that  showed  significance 
were  subjected  to  the  Tuckey  test,  with  5%  significance,  to 
compare  the  means  using  the  package  computational 
System  for  Statistical  Analysis  -  SAEG  9.X. 


III.  RESULTS  AND  DISCUSSIONS 

The  goats  that  received  pequi  oil  supplementation  had  a 
larger  follicular  diameter  compared  to  the  control 
treatment.  Table  1  shows  that  the  body  weight  of  goats 
treated  with  the  lipid  supplementation  of  pequi  oil  stood 
out  from  the  control  treatment  goats,  which  influences 
their  body  condition  score  index,  that  is,  these  goats  had  a 
greater  amount  of  fat  and  muscles  in  bone  structures. 


Table  1.  Zootechnical  indexes  of  the  goats  according  to 
their  respective  treatments. 


Body 

weight  (kg) 

Body  condition 

score 

Follicular 

Diameter  (mm) 

Pequi 

Oil 

41,48 

2,4 

14,47 

Soy 

oil 

36,28 

2,3 

11,07 

Source:  Author  (2018) 


The  increase  in  ovulation  rate  and  prolificacy  are 
dependent  on  an  agile  increase  in  the  animal's  body 
condition  score.  Supplementation  provides  this  increase, 
since  the  moment  before  the  breeding  it  is  necessary  to 
provide  the  animal  with  a  supplementation  of  nutrients  that 
improve  its  reproductive  capacity,  as  well  as  its  body 
conditions,  which  is  one  of  the  aspects  that  causes  a 
benefit  in  reproduction  [22]. 

The  increase  in  the  body  condition  score  refers  to  the 
consumption  of  energy  diets,  causing  a  reduction  in  the 
concentration  of  insulin  that  minimizes  the  entry  of 
glucose  into  the  cell,  causing  a  decrease  in  the  steroid 
hormones  that  modify  the  quality  of  the  oocyte,  namely 
progesterone  and  estradiol.  ,  also  changing  follicle  growth 
and  embryo  viability  [36]. 

In  a  study  by  [16]  goats  receiving  high  energy 
concentrated  supplementation  had  a  positive  increase  in 
body  weight  during  pregnancy  and  reproductive 
performance,  concluding  that  low  weight  and  consequently 
low  body  condition  score  can  affect  fertility.  For  [1]  the 
body  condition  score  is  an  important  practical 
methodology  in  the  management  of  high  production  dairy 
animals,  as  they  need  adequate  body  reserve  for  energy 
and  protein  requirements  during  the  beginning  of  lactation. 
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It  was  observed  that  for  the  treatment  with  pequi  oil  the 
follicular  diameter  was  larger.  Follicular  diameter  is 
directly  related  to  the  diameter  of  the  oocyte  and  its 
competence  in  embryonic  development  [26].  The  diameter 
is  also  related  to  the  estradiol  concentration  rates  and  its 
increase  is  linked  to  the  probability  of  ovulation  and 
conception  rate,  being  directly  related  to  the  corpus  luteum 
in  the  final  formation  process.  The  corpus  luteum  of 
reduced  volume  is  due  to  the  formation  of  smaller  follicles, 
strongly  influencing  less  development  of  the  embryo  and 
as  a  consequence,  low  fertility. 

For  [27],  linoleic  and  linolenic  polyunsaturated  fatty  acids 
are  important  for  fertility,  as  they  affect  follicle  size, 
oocyte  quality  and  corpus  luteum  size.  This  is  because  they 
have  an  effect  on  the  concentration  of  steroid  hormones 
and  prostaglandins. 

In  a  study  with  beef  heifers  supplemented  with  soybean  oil 
it  was  observed  that  the  quantity  and  diameter  of  the 
follicles  increased  [34].  These  results  are  similar  to  those 
found  in  this  study,  according  to  the  ovarian  indices. 

In  studies  by  [12]  with  goats  supplemented  with  soybean 
oil  and  barley,  obtained  as  a  result  that  these  dietary  lipid 
compounds  increased  the  levels  of  progesterone  in  the 
blood  during  the  period  of  ovulation  and  post-ovulation. 
According  to  research  by  [11],  soybean  oil  is  composed  of 
the  mystic  fatty  acids  (<0.5),  palmitic  (7.0-14.0),  stearic 
(1.4-5.5),  linolenic  (4.0-11  ,  0)  oleic  (19.0-30.0)  and 
linoleic  (44.0-62.0),  the  latter  two  being  characterized  as 
more  abundant.  However,  soy  is  rich  in  phytoestrogen, 
similar  to  the  hormone  estrogen  and  that  mimics  its 
functions,  binding  to  its  receptors. 

For  the  control  treatment,  a  larger  amount  of  follicles  was 
observed  in  a  higher  number  of  animals  compared  to  the 
treatment  with  pequi  oil.  Table  2  shows  the  treatments 
according  to  the  supplementation  of  the  goats  in  the  two 
estrous  cycles.  For  the  evaluated  parameters,  it  is  possible 
to  highlight  the  beneficial  effect  that  the  pequi  oil  caused 
on  the  ovarian  function. 


Table  2.  Number  of  follicles  and  embryos  in  Saanen  goats 
supplemented  with  concentrate  containing  pequi  oil  or 
soybean  oil,  according  to  the  EC  (estrous  cycles). 


Treatment 

Parameter 

Animal 

A 

B  C 

D 

Media 

1°  EC  Pequi  oil 

Number  of 

embryos 

3 

1  1 

1 

1,5b 

1°  EC  Soy  oil 

Number  of 

embryos 

4 

4  5 

1 

3,5a 

2°  EC  equi  oil 

Number  of  Q  1  1  1 
embryos 

0,75b 

2°  EC  Soy  oil 

Number  of  . 

,  3  2  11 

1,75a 

embryos 

*  Lowercase  letters  compare  averages  in  the  column. 
Means  followed  by  different  letters  differ  from  each  other 
by  Tukey's  test  at  5%  significance. 


Source:  Author  (2018). 

In  the  first  estrous  cycle,  the  number  of  follicles  for  each 
treatment  differed  statistically,  as  well  as  for  the  number  of 
embryos  in  the  second  estrous  cycle,  being  higher  in  goats 
that  received  soy  oil  as  a  lipid  supplement  in  the 
concentrate. 

For  [28],  the  brief  supplementation  that  contains  in  the 
high  energy  capacity  diet,  simultaneously  with  the  estrus 
synchronization,  provides  an  increase  in  estrous  activity, 
increasing  the  performance  in  sheep  reproduction.  In  a 
study  by  the  same  authors,  the  objective  was  to  assess 
whether  supplementation,  that  is,  a  short-term  high-energy 
diet,  has  any  overstimulating  effect  on  ovarian  function  in 
sheep,  with  the  conclusion  that  supplementation  improved 
estrus  expression  and  ovarian  activity  . 

The  positive  results  in  the  zootechnical  indexes  in  the  test 
treatment  with  pequi  oil  may  be  due  to  components  present 
in  the  oil  of  this  fruit,  such  as  the  antioxidants  that  cause 
the  balance  of  free  radicals,  which  can  generate  negative 
changes  in  the  maturation  and  fertilization  processes  of  the 
oocytes. 

The  role  of  fatty  acids  on  the  quality  of  the  embryo  and 
concentration  of  levels  of  steroid  hormones  and 
prostaglandins  proved  their  influence  on  the  ovarian 
function  of  bovine  females.  Soy  oil  is  abundant  in  linoleic 
and  linolenic  acids. 

They  obtained  as  a  result  that  for  the  variables  of 
superovulation,  embryonic  recovery  rate  and  embryonic 
quality  there  was  no  significant  difference,  but  even  with 
the  increase  in  polyunsaturated  fatty  acids,  the  production 
of  arachidonic  acid,  which  is  a  precursor  of  prostaglandins, 

decreased  -  an  increase  in  prostaglandin  production  is 
expected,  making  the  environment  more  luteotrophic,  with 

the  exception  of  a  reduced  number  of  degenerate  embryos 
after  supplementation  with  n-3  (polyunsaturated  FA). 

In  research  by  [3]  using  sources  of  vegetable  oils, 
sunflower  and  flaxseed,  it  was  observed  that 
polyunsaturated  fatty  acids  had  beneficial  effects  on  the 
size  of  the  ovarian  follicles,  as  well  as  on  the  size  of  the 
corpus  luteum. 
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According  to  previous  information,  it  is  known  that 
linoleic  and  linolenic  polyunsaturated  fatty  acids  have  an 
unquestionable  role  in  reproduction,  since  they  serve  as 
precursors  for  processes  that  increase  the  energy  density  of 
the  ruminant,  influencing  its  ovarian  function.  Soy  oil  has 
these  fatty  acids  in  greater  abundance  when  compared  to 
pequi  oil,  with  much  lower  percentages  for  the  latter, 
which  may  hypothetically  have  influenced  that  the 
treatment  with  soy  oil  has  positively  excelled  in  the 
parameters  of  fertility,  prolificacy  and  conception. 

The  amount  to  be  used  in  the  concentrate  is  also  a  major 
factor  in  terms  of  its  functionality,  however,  the  excess 
(above  7%)  of  fat  can  decrease  the  digestion  of  fiber  by  the 
ruminant,  since  there  is  the  covering  of  its  particles, 
preventing  it  from  being  degraded  by  microorganisms, 
negatively  influencing  the  proportions  of  short-chain  fatty 
acids  to  be  produced  in  the  rumen  [30].  According  to  these 
authors,  there  is  a  reduction  in  insulin  concentration  and 
stimulation  of  body  fat  mobilization 

However,  factors  such  as  degree  of  saturation,  form  of 
inclusion  of  the  lipid  source  in  the  diet  and  length  of  the 
chain  are  preponderant  in  the  responses  of  the  animals 
[18]. 

IV.  CONCLUSIONS 

Although  in  the  zootechnical  parameters  of  body  condition 
score  and  ovarian  follicular  diameter  the  animals  have 
benefited  more  with  lipid  supplementation  in  comparation 
with  pequi  oil,  for  the  other  indexes  the  treatment  with 
soybean  oil  obtained  a  higher  value  in  the  ovarian  function 
of  Saanen  dairy  goats. 

The  use  of  Pequi  oil  can  become  an  economically  unviable 
alternative  based  on  the  results  obtained  in  this  work,  with 
the  current  reality  being  the  greater  use  of  soy  oil,  in 
addition  to  being  easily  found  and  having  a  lower 
purchasing  value. 

Because  research  related  to  the  use  of  pequi  oil  in  the 
ovarian  function  of  ruminants  is  non-existent  and 
vegetable  oils  are  scarce,  other  studies  should  be 
conducted  with  a  larger  number  of  animals,  as  well  as  with 
other  breeds  and  /  or  crosses  to  consolidate  the  results  here 
reported.  As  well  as  the  type  of  management  (confined  or 
grazed)  can  interfere  in  the  results. 
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